This study investigates the influence of a virtual human (VH) with recorded human voice vs VH with a machine-generated voice (text-to-speech) on building trust and working alliance. We measured the co-presence perception to understand the impact of VH's perception on building the human-VH relationship. The results revealed no differences between the two types of voices on co-presence perception, trust or working alliance.
INTRODUCTION
People respond to media, including virtual humans (VHs), in a similar way to how they respond to real humans and this attitude is positively correlated with the realism level of VH: appearance and behavior [Reeves and Nass, 1996] . Voice realism has been deemed as a requirement to design a VH not only for clarity and precision but for likability [Chérif and Lemoine, 2019] . While likability could serve towards building a better human-VH relationship [Moreno et al., 2001] , improving the relationship as a result of voice realism is understudied. In serious contexts such as healthcare, the relationship between a Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the owner/author(s). VRST '19, November 12-15, 2019 , Parramatta, NSW, Australia © 2019 Copyright held by the owner/author(s). ACM ISBN 978-1-4503-7001-1/19/11. https://doi.org/10. 1145/3359996.3364754 human user and VH should be characterized by trust and working alliance [Park and Catrambone, 2007] .
The motivation behind studying the influence of voice on human-VH relationship comes from the predominant use of machine-generated voice (TTS) in designing VH because of the high cost of recording human voice and the flexibility of building an adaptive VH that can update the dialogue/text and utters it in real-time during the conversation.
Measuring the co-presence provides an explanation of how a human user perceives a VH and when the problem of eeriness occurs [Brenton et al., 2005] . Hence, in this study, we are investigating the impact of the VH's voice: human recorded voice vs machine-generated voice (text-to-speech TTS) on perceiving VH co-presence to understand the differences in building human-VH trust and working alliance. Our expectation is that participants will like the VH with human voice more than the VH with TTS and, consequently, the human-VH relationship (trust and working alliance) will be higher with participants who interacted with VH with recorded voice. The following section presents the study methods and design followed by the findings of the study and a brief conclusion.
METHODS AND STUDY DESIGN
We designed two VH advisors, called Sarah, which are identical in terms of appearance and dialogue but with different voice type: human recorded voice and synthetic voice. The human voice was recorded in a professional lab setting by a female English native speaker to match the synthetic voice which was generated using text-to-Speech (TTS) technology using the UK English Hazel voice from Microsoft windows package. The recorded human voice kept a similar level of tone and expressiveness as Hazel's voice. To control the experiment variables, Sarah only shows her upper body with a random pleasant smile on her face and without body gesture during the interaction. During the interaction, Sarah, in both versions, delivers some tips that are recommended by the university wellbeing center to help students manage study-related stress.
The study was set up online and opened only for university student's participation. When the students signed-up for the study, they were randomly assigned to interact with Sarah with human voice or Sarah with TTS, and completed the survey using their own devices from anywhere. The survey includes asking the student, before and after the interaction, to rate their stress level on a scale 0 (not stressed at all) to 10 (extremely stressed) besides different questionnaires: demographic questions, likability [Bartneck et al., 2009] , voice perception [Ho and Macdorman, 2010] , co-presence [Nowak, 2001] , trustworthiness (ability, benevolence, and integrity) and trust, and working alliance (task, goal, and bond) [Abdulrahman et al., 2019] . Besides the voice perception questionnaire, we added two more questions to evaluate the understandability of the voice as shown in Table 1 .
RESULTS
In total, 118 students participated in the study: 59 participants interacted with Sarah with a human voice (36 females and 23 males) and 59 participants interacted with Sarah with TTS (44 females and 15 males).
One-way ANOVA showed no statistically significant difference at p<0.05 between both groups in terms of copresence, trustworthiness, except benevolence, trust or working alliance. Regarding benevolence, there was a significant difference in rating Sarah with a human voice as more caring (M=3.25, SD=1.00) than Sarah with TTS (M=2.87, SD=0.94); F(1,116)=4.55 at p<0.05. However, there was no statistically significant correlation between co-presence and trust or working alliance.
Regarding likability questionnaire as illustrated in Table 1 , one-way ANOVA revealed that participants rated both versions of Sarah similarly with no significant difference at p<0.05 except on the scale of awful-nice; however, the participants rated both versions as nice above average. There was a weak significant correlation between perceiving the VH as nice and co-presence (r=.347, n=118, p<0.001). Further, there was a positive moderate correlation between liking the VH and co-presence (r=.489, n=118, p<0.001). In voice perception questionnaire, One-way ANOVA revealed statistically significant differences in 4 out of 8 items favoring the recorded voice over TTS, as shown in Table 1 . The analysis showed weak statistically significant correlations between co-presence and four items of voice perceptions: eeriness (r=-.328, n=118, p<0.001), Freakiness (r=-.247, n=118, p<0.01), thrilling (r=.235, n=118, p=0.01) and shocking (r=.258, n=118, p<0.01).
Paired-samples t-test analysis revealed a significant reduction in the students' stress level after interacting with Sarah with human recorded voice (t(58)=7.71, p<0.001) and after interacting with Sarah with TTS (t(58)=3.70, p<0.001). One-way ANOVA test showed no significant between-group difference in terms of stress level reduction at p<0.05.
CONCLUSION
It has been argued that increasing the voice realism of a VH increases the VH's likability; however, whether this likability would positively impact the relationship between VH and a human user is understudied, particularly in critical contexts such as healthcare where the human-VH relationship is important to gain a proper outcome. The current study was designed to investigate the influence of increasing VH's voice realism on user-agent trust and working alliance through studying likability, voice perception, and co-presence. Interestingly, while users rated VH with TTS as eerier than VH with natural human voice, this perception has no influence on co-presence, human-VH trust or working alliance. Regarding the debate in the literature whether to use human voice or TTS to build a VH, the findings in this study proved the ability to use the TTS or human voice with no impact on the human-VH relationship. 
